INTRODUCTION
The Triennial Lactation Symposium, "Lactation Biology Training for the Next Generation -A tribute to Dr. H. Allen Tucker," was held preceding the joint annual meeting of the American Society of Animal Science and the American Dairy Science Association in New Orleans, LA on July 10, 2011. The objective of the symposium was to celebrate the career of Dr. Tucker, with an emphasis on the lasting legacy of student training in the broad area of lactation biology. Dr. Tucker was widely recognized for the excellence of his research, but held that his greatest contribution was the training of future scientists that would continue to seek understanding of mammary gland function and physiology. Thus, the planning committee for the Symposium developed the session along the broad theme of reproductive and lactation physiology, with an emphasis on the contributions of students of trainees from Dr. Tucker's program. The intent was to highlight the persistent effects of Tuck's infl uence on the discipline of mammary gland biology through training of students.
Dr Throughout his career, Tuck was well known for adopting cutting edge technologies to answer questions related to mammary gland biology in an effort to improve the effi ciency of milk production. Tuck published over 350 refereed papers, book chapters, and other scientifi c articles during his career. However, as productive as his program was, he was always proudest of his success in training graduate students and post-doctoral scholars and enjoyed seeing them develop their own successful programs. Tuck's students served as the foundation of his research and teaching program, and he used a well-designed approach to get the most out of every trainee with which he worked. Components of that approach are clearly articulated in his comments published in the Journal of Animal Science upon receiving the Casida Award for graduate training from ASAS in 1987 (Tucker, 1988) .
As any undergraduate Animal Science student learns in genetics, the true value of a sire is refl ected in the ability to transmit superior traits to the next generation and to have those traits persist in future generations. Thus, given Tuck's emphasis on graduate education, it seemed only fi tting to develop a program that emphasized the persistency of his training excellence as expressed in his students' trainees. In developing the program elements, the Triennial Lactation Symposium committee decided to specifi cally invite speakers that had trained with Dr. Tucker's students, rather than Tuck's own students (i.e., the F 2 or beyond vs. F 1 generation of trainees). Figure 1 illustrates the relationship of the speakers to Dr. Tucker and his trainees, and a more complete "family tree" of trainees is available in the supplementary materials to this publication.
In the fi rst presentation of the symposium, Dr. Steve Ellis (Ellis et al., 2012) detailed recent investigations of the interaction of myoepithelial and mammary epithelial cell development. After an overview of mammary parenchymal development during the prepubertal period, Ellis et al. (2012) described the challenges related to identifi cation of specifi c cell types within the heterogeneous tissue that is the developing parenchyma and associated mammary fat pad. Newer technical approaches to quantify individual cell types within the growing gland indicate that ovarian steroids, particularly estrogens, have a role in epithelial cell development, but also in the development of myoepithelial cells during mammogenesis. Ellis et al. (2012) then presented data to support the hypothesis that myoepithelial cells inhibit parenchymal expansion and thus mammary growth, but are also essential to normal mammogenesis as the absence of estrogens results in such extensive myoepithelial cell growth that parenchymal expansion is blocked. Thus, mammogenesis in ruminants is likely an interplay of cell type and tissue architecture that results in the typical 3-dimensional structure characteristic of bovine, ovine, and caprine mammary glands.
From the initial identifi cation and nomenclature, it is clear that prolactin is a signifi cant actor in all aspects of mammary growth and function. Dr. Russell Hovey described the current state of knowledge regarding prolactin and its receptor during mammogenesis, lactogenesis, and galactopoiesis across species, with particular emphasis on studies in rodents and other monogastrics as a model for future directions in the ruminant (Trott et al., 2012) . Whereas the pleiotropic nature of prolactin action and its requirement for other endocrine and growth factor partners to fully express those actions is clear, the review fully supports the concept that prolactin acts as the master hormone with regard to mammary development and function, and prolactin receptor is a critical partner to the varied impact of the ligand at all stages.
One of the oft repeated comments from Dr. Tucker was the observation that lactation is the fi nal phase of reproduction, and the presentation of Bartol et al. (2011) expands that observation such that lactation may be essential to the initial phase of the reproductive process as well. In describing the "Lactocrine hypothesis", Bartol et al. (2011) provide a compelling case that milk-borne factors program endometrial development during early postnatal life, and that development is essential for full expression of reproductive competence in the mature female. The biological outcomes of altered uterine and endometrial gene expression in the neonate deprived of colostral components are of signifi cant interest. However, the implications of a management decision to limit access to maternal colostrum in pigs on the future productivity of the gilt is a bold illustration of how an understanding of basic biology is essential to optimize animal production. Connor et al. (2012) moved the discussion from basic mammary structure and development to consideration of genetic infl uences on the effi ciency of milk production. Recent emphasis on understanding how animals divert nutrients to growth are now being harnessed to more fully understand the movement of nutrients to milk production on an individual animal basis. Residual feed intake (RFI) is used to compare the ability of a cow to maximize caloric output per unit of intake, indicating that inter-animal variation in RFI is a potential marker for selection of more effi cient animals. The selection of highly effi cient cows will not only improve the overall productivity of milk production, but also have an impact on the environmental effects of the dairy industry.
One aspect of individual cow effi ciency may be plastic and result from management and environmental factors during the transition of cows into lactation. Wall and McFadden (2012) presented data to support Tucker" to Dr. Tucker. The names of the speakers appear in bold font, whereas their major advisors, and their relationship to Dr. Tucker, are illustrated by links to Dr. Tucker. A more complete listing of Dr. Tucker's trainees and their trainees through 6 "generations" appears as supplementary material to this publication. the concept that early in lactation, the frequency of milk removal imprints a certain level of productivity for the gland that persists through the entire lactation. Multiple studies have failed to identify changes in mammary cell apoptosis or proliferation associated with the improvement in milk yield as a result of frequent milking in early lactation, but recent experiments have identifi ed consistent, persistent shifts in the expression of multiple genes associated with a coordinated transcriptional response to milking frequency. These data indicate that there is a period in early lactation when local mammary factors can alter the capacity for milk synthesis in that lactation, and this "lactational imprinting" can be manipulated to improve milk yield. Because casein synthesis represents a signifi cant output of protein in any mammal but especially the cow, the lactating mammary gland "consumes" a majority of the available AA supply available at any time relative to the rest of the body. However, the uptake and utilization of AA by the mammary epithelial cell is hardly a simple process. Lapierre et al. (2012) detail studies that further our understanding of the metabolism of essential amino acids at the mammary gland. Whereas certain AA are transferred in excess, others appear to be taken up in one-to-one correspondence to their output in milk protein. It is likely that metabolism of AA within the mammary gland provides potential energetic substrate, or those AA and their metabolites serve as regulatory signals related to the general nutrient status of the animal.
The fi nal presentation of the symposium brought the discussion full circle to consideration of the relationship between lactation and subsequent reproduction. Crowe and Williams (2012) examined the effects of stressors postpartum on reproductive outcomes, particularly the interaction of high production, disease, and ultimate ability to become pregnant to continue the mature lactation cycle. It is clear from that review that increased demands of lactation over the past 50 yr has amplifi ed the potential for negative outcomes on reproductive performance, as the response of the cow to disease and nutrient stressors is often observed as reduced uterine health and hypothalamic-pituitary-gonadal responsiveness. Further work to develop approaches to manage stressors to reduce disease and select animals that are able to cope successfully with postpartum stressors will be essential to improving fertility in mature cows.
The breadth of the material presented at the Symposium emphasizes the multifactorial nature of the fi eld of lactation biology. It is also a testament to the training process that Tuck promoted that his students would go on to recapitulate that training at multiple institutions and in a variety of areas related to the discipline. Another observation of interest is that so many of Tuck's students continue to collaborate, as evidenced by the authorship of the papers in this symposium and the literature in general, and thus cross-fertilize the science related to mammary gland biology. Beyond the discoveries that Tuck and his students made to the fi eld of lactation biology during his career, it is clear that Dr. H. Allen Tucker has a legacy of student training that will continue to impact the fi eld long into the future.
